Aims: Atrial fibrillation (AF) is the most common sustained arrhythmia encountered in clinical practice. Patients presenting with AF are often admitted to hospital for rhythm or rate control, symptom management, and/or anticoagulation. We investigated temporal trends in AF hospitalizations in United States from 1996 to 2010. Methods: Data were obtained from the National Hospital Discharge Survey (NHDS), a national probability sample survey of discharges conducted annually by National Center for Health Statistics. Because of the survey design, sampling weights were applied to the raw NHDS data to produce national estimates. Hospitalizations with a primary diagnosis of AF were identified using International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code of 427.31. Weighted least squares regression was used to test for linear trends in the number of AF admissions, length of stay, and inpatient mortality. We further stratified AF admissions based on patients' age, gender, and race. Results: Admissions for a primary diagnosis of AF increased from approximately 286,000 in 1996 to about 410,000 in 2010 with a significant linear trend (b ¼ 9470 additional admissions per year, p < 0.001). The trend of increased AF admissions was uniform across patient sub-groups. Overall, mean length of stay for AF admissions was 3.75 days, and this remained relatively stable over time (b ¼ 0.002 days, p ¼ 0.884). Inpatient mortality was 0.96% and also remained stable over time (b ¼ 0.031%, p ¼ 0.181). Conclusion: Our data demonstrate an increase in the number of AF admissions but constant length of stay and mortality over time.
Introduction
Atrial fibrillation (AF) is the most common sustained arrhythmia affecting about 1e2% of the general population [1] . Its prevalence in the United States (US) is projected to increase by 2.5 fold to reach about 7.5 Million by 2050, posing a public health and economic challenge [2] [3] . AF is associated with increased risk of stroke, congestive heart failure and all-cause mortality [4] .
AF poses an increased economic burden on the health care system due to increasing cost of care driven in big part by hospitalizations [5] . The annual direct cost of AF management in the US is estimated at about $6e6.7 billion [6] . This economic burden is projected to increase further due to the increased prevalence of chronic heart diseases which usually lead to AF [7] . It is therefore important to examine the burden of inpatient care for AF patients and analyze its trends over time. To this end, we analyzed the National Hospital Discharge Survey Data (NHDS) database for temporal trends in AF hospitalizations over the past two decades.
Methods
Data were obtained from NHDS, an annual survey of inpatient discharges conducted by the National Center for Health Statistics since 1965. NHDS collects raw data on about 1% of hospital discharges and then weight each discharge to produce national estimates. Data collected included basic demographic variables, primary discharge diagnosis and several secondary discharge diagnoses. NHDS collects data from non-federal US hospitals that have more than six beds with average length of stay (LOS) of less than 30 days.
For the present analysis, data from 1996 through 2010 were included. A primary discharge diagnosis of AF was identified using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code of 427.31. Co-morbidities were ascertained through application of relevant ICD-9 codes to secondary diagnoses. NHDS also collects data on inpatient mortality and length of stay which were included in present study.
Statistical analysis
This report estimates the number of AF hospital admissions, mean LOS, and inpatient mortality for every year between 1996 and 2010. Weighted least squares regression was utilized to test for linear trends over time in the entire population. We also report number of AF admissions by age, gender, and racial subgroups. The results are presented as the estimated annual change (b), a 95% confidence interval for b, and p-value, which tested whether the annual change of each parameter differed significantly from zero. Due to the survey design, sampling weights provided in the NHDS data were applied to produce the national estimates [8] . Data analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
Applying the weights to the raw data set converted 43,817 sampled hospitalizations to an estimated 5,826,067 total AF hospitalizations in the US from 1996 to 2010. The percentages of patients who were classified as having secondary diagnoses of selected ICD-9 codes representing comorbidities of interest are shown in Table 1 .
Number of AF hospitalizations
The total number of hospitalizations due to AF steadily increased from 286,362 in 1996 to a peak of 479,552 in 2007, before decreasing to 410,693 in 2010. These numbers reflect a trend of increase in the number of hospitalizations with primary diagnosis of AF over time (b ¼ 9470 hospitalizations per year, 95% CI (5,645, 13,296), p < 0.001; see Fig. 1 ). This is generally reflective of an increase in AF hospitalization across all age groups (Fig. 2) , both genders (Fig. 3) , and various racial groups (Fig. 4) .
Length of stay and inpatient mortality during AF hospitalizations
Between 1996 and 2010, the mean length of stay for hospitalizations with a primary diagnosis of AF was relatively stable (b ¼ 0.002 days per year, 95% CI (À0.033, 0.037), p ¼ 0.884. The mean length of stay was 3.66 days in 1996 and 3.82 days in 2010, with a peak of 4.48 days in 1997.
Over the same sampling period, the inpatient mortality rate for patients with a primary diagnosis of AF was also stable (b ¼ 0.031% per year, 95% CI (À0.02, 0.08), p ¼ 0.181. The inpatient mortality rate was 0.86% in 1996 and 1.64% in 2010, with a peak of 1.81% in 2004.
Discussion
Our data demonstrate a significant increase in AF admissions from 1996 to 2010 across all patient demographics. AF LOS and inpatient mortality were, however, relatively stable. Our findings are consistent with some earlier studies that have shown similar trend of increased AF admissions over time [5] [9] . Using data from Nationwide Inpatient Survey, Patel et al. found that AF hospitalizations increased by 23% from 2000 to 2010, albeit in that study, the increased rates were primarily seen in patients older than 65 years of age [5] . This is in contrast to our study which has shown uniform increase in AF hospitalizations across all age groups. In a previous study published on national US data by Arowolaju et al. there was a trend towards reduced AF admissions and increased inpatient Fig. 2 . Number of hospital admissions with a primary diagnosis of AF by age groups from 1996 to 2010. mortality in patients admitted with AF [10] . It is pertinent to point out that Arowolaju et al. included patients with both primary and secondary diagnosis of AF whereas our analysis was strictly limited to primary AF hospitalizations. By including only primary AF hospitalizations, our study has focused on resource utilizations that could only be attributed to AF rather than to other diagnoses.
Recent advances in minimally invasive AF related procedures such as AF ablation, atrio-ventricular nodal ablation with pacemaker implantation etc., which have shown to benefit patients across various demographics [11] [12] [13] , may have led to increased rates of AF related hospitalization. Moreover, many patients with AF require anti-coagulation to prevent thromboembolic events. Till 2010, the only option for oral anticoagulation in the US was warfarin, which often required inpatient hospital admission especially when bridging with heparin is required, thus potentially contributing to higher rates of AF hospitalizations. With the introduction of new oral anti-coagulation agents in the US market which often do not require heparin bridging, these trends may change over time.
In the present analysis, we report a significantly low incidence of AF admissions in African-American patients compared to other racial and ethnic groups, which is consistent with earlier studies [14] [15] [16] . This could be reflective of a true low incidence of AF in this sub-group or may also be indicative of a lower ability to detect AF in African-Americans due to reduced access to health care [17] . Unfortunately this is entirely speculative and cannot be assessed with present dataset.
Limitations
The NHDS is a large administrate claims based database which utilizes ICD-9 codes to identify diseases and comorbid conditions. These codes are susceptible to error during the coding process. The hard clinical points such as death and LOS, however, are less prone to error. Individual patient entry is represented as a separate patient data with no data for readmission and disease progression in the same patient. Also, the dataset lacks details regarding the type, severity and duration of AF. AF is often associated with other cardiovascular events such as stroke and heart failure and there is no relevant clinical information available in NHDS that could differentiate between these disease processes. Thus, coders may use these co-existing conditions as primary diagnosis, which could result in underestimation of AF from this dataset. NHDS is a population-based survey which was designed to analyze prevalence and trends of various disease processes necessitating inpatient care. The dataset does not collect information on treatment given in a particular inpatient admission which is another limitation. Furthermore, important echocardiographic parameters such as left atrial and ventricular dimensions and ejection fraction which predict AF recurrence and subsequent inpatient care cannot unfortuntely be examined through present dataset.
Conclusion
Our data suggest increased temporal trend in AF hospitalizations. Efforts to reduce the economic burden of AF should be directed towards reducing the number of hospitalizations and readmissions especially in patients with less severe AF and at the same time decreasing the LOS in those patients in whom hospitalization cannot be avoided.
Source of funding
None.
Disclosures
